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57 ABSTRACT 
Two hydraulic brakes or clutches being primary users, 
are alternately, delayedly, hydraulically energized from 
a constant volumetric flow rate pump feeding also a 
secondary user via a pressure controller with a differen 
tial piston operated by feedback ducts from the primary 
users via a throttle valve. The latter valve is bypassed 
through a check valve for undelayed de-energization. A 
selector valve is disposed between the branch point for 
the secondary user and upstream as to energizing fluid 
from the feedback connection to the primary user. The 
pressure controller is described further as to several 
structural details. 

7 Claims, 5 Drawing Figures 
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1. 

HYDRAULC CONTROL WITH DELAY 

BACKGROUND OF THE INVENTION 
The present invention relates to a hydraulic device 

for controlling a delayed pressure change in a clutch or 
brake of a transmission shifted or otherwise operated 
under load. . . . 
A hydraulic device of the type to which the invention O 

pertains may include a pump for the pressure medium 
operating essentially on the basis of a constant rate of 
fluid flow by volume; conduit means being connected to 
the pump, the clutch or brake; and control valve means 
for primary activation and de-activation of the clutch or 
brake. German printed patent application 25 12 778 
discloses such a device and that device includes addi 
tionally a pressure control in the fluid path between the 
pump and the clutch or brake. A relief conduit from the 
clutch or brake is branched off a control conduit in the 
controller. Moreover, the controller includes a stepped 
or differential position for gradually closing this relief 
conduit when the clutch is energized to thereby obtain 
a gradual increase from zero pressure to operating pres 
sure in the clutch. The piston must, however, open the 
relief conduit at least to the extent so that rapid action 
de-energization be permitted. It was found, however, 
that energizing and/or de-energizing a brake or clutch 
under load has a detrimental effect on any secondary 
user of pressure oil such as a circulating lubrication 
system. This is particularly so as the operating pressure 
of the secondary user is generally lower than the operat 
ing and energizing pressure of the primary user, e.g. the 
clutch. 

DESCRIPTION OF THE INVENTION 
It is an object of the present invention to provide for 

a pressure medium device and circuit in which a pri 
mary and a secondary user are both connected to a 
pressure fluid pump and operate without undue mutual 
interference. . . . . 

It is another object of the present invention to pro 
vide for a hydraulic system in which one of two pri 
mary users is to be selectively energized undergradual 
build-up of operating pressure. . . . 

In accordance with the preferred embodiment of the 
present invention, it is suggested to connect one or more 
primary users (such as clutches or brakes) to a pump 
with a constant volumetric flow, rate of hydraulic fluid 
and via an on-off selection-valve. A feed-back branch 
line loads from the feederline of the primary user via a 
throttle valve to one chamber portion of a differential 
piston whose other piston chamber portion is in a flow 
path from the pump to a secondary user of fluid 
whereby a throttle member of the differential piston in 
that other chamber governs the flow to that secondary 
user, thereby acting as a pressure controller for the 
pressure, particularly in the branch point from the 
pumps towards primary and secondary users. The first 
mentioned piston chamber portion can be discharged 
via a check valve bypassing the throttle for rapid action 
de-energization of the primary user. The secondary user 
operates under a reduced pressure, but continues to 
receive operating fluid throughout. Moreover, when 
ever a primary user (clutch or brake) is connected to the 
feeder line by operation of the on-off valve, a particular 
pressure (lower than final operating pressure for the 

2 
primary user) is immediately available to operate the 
differential piston via the feed-back branch. 

In the case of two primary users, separate feed-back 
conduits are provided one which is closed off by opera 
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preferably a flying piston type valve in a bore from 
which branches off a duct loading to the throttle valve. 
The above mentioned on-off valve will also function as 
primary user selector. 

DESCRIPTION OF THE DRAWINGS 
While the specification concludes with claims partic 

ularly pointing out and distinctly claiming the subject 
matter which is regarded as the invention, it is believed 
that the invention, the objects and features of the inven 
tion and further objects, features and advantages 
thereof will be better understood from the following 
description taken in connection with the accompanying 
drawings in which: 
FIG. 1 is a schematic view of a hydraulic device for 

controlling the pressure increase in one of two brakes or 
clutches, to be selected prior to the hydraulic energiza 
tion; 
FIG. 2 is a section view of a portion of the device 

shown in FIG. 1; and FIGS. 3, 4 and 5 show the device 
of FIG. 2 on a smaller scale and in different operational 
States. 

Proceeding now to the detailed description of the 
drawings, FIG. 1 shows a pump 1 for a hydraulic pres 
sure fluid, e.g. oil, sucking such fluid out of a reservoir 
3 via a suction line 2 and feeding pressurized fluid into 
a pressure conduit or line 4 at a constant volumetric rate 
of flow. A branch line or conduit 5 connects line 4 to a 
control valve 8 which selects one or none of two fee 
der/discharge lines 5a and 5b being respectively con 
nected to two primary users 11a and 11b which may be 
clutches or brakes. These elements may pertain to a 
transmission. In the illustrated position of valve 8 both 
lines 5a, 5b and, therefore, both users 11a, 11b are dis 
connected from the pressurized conduit 5 and are con 
nected instead to a return path duct 21, returning hy 
draulic fluid from the primary users to the reservoir. In 
the upper position of valve 8, user 11b is connected to 
pressure conduit 5 while user 11a is connected to the 
discharge and return conduit 21. The situation is re 
versed for the lower portion of valve 8. 
A second branch line 6 from pressure line 4 connects 

to a pressure controller 9 to be described more fully 
below and being provided for controlling fluid flow to 
another, secondary user 7 such as a lubrication nozzle, 
being connected to controller 9 by a conduit or line 6a 
which is in effect a continuation of conduit 6 but for the 
inter-positioning of a part of controller 9. 
The pressure controller9 includes a stepped or differ 

ential piston 12 being connected to a throttling element 
13 which governs the passage of fluid from 6 to 6a. The 
smaller diameter portion of piston 12 is acted upon by 
the pressure in conduit 6 for opening the passage of fluid 
to the secondary user 7. 
"The control and feedback conduits 10a and 10b 

branch respectively off the feeder conduits 5a, 5b for 
controlling the controller 9. Both feedback conduits 
10a, 10b lead to a switch 16 to place the controller 9 
under operative control by that one of the primary user 
circuits which has been selected by the valve 8 for 
respective hydraulic energization. Switch 16 is con 
nected to a conduit 17 which, in fact, continues that one 
of conduits 10a, 10b, whose associated primary user has 
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been hydraulically, energized by the valve 8. Line, or 
conduit 17 is connected to a flow rate reducing, throt 
tling valve 14 feeding the other side of the chamber in 
which piston 12 is located to apply thereto fluid in a 
graduated and delayed fashion for gradually building up 
the pressure on that side of the differential piston. One 
can also say that throttle 14 is serially connected be 
tween one piston chamber and one or the other of the 
two feedback conduits 10a, 10b. The position of piston 
12 depends on the pressure balance as between the pres 
sure built-up via throttle 14 and the pressure in conduit 
6. - 

A branch duct 18, tapping conduit 17, includes a 
check valve 15 which connects also to the piston cham 
ber via duct 19 to open up a bypass from the piston 
chamber to a return path duct. 20. Duct or conduit 20 
provides also for return of fluid to reservoir 3. 
After having described the overall layout of the sys 

tem, we turn to construction details illustrated in FIG. 
2. FIG. 2 shows particularly the controller 9 and con 
necting conduits. The controller 9 includes a case or 
tubular housing 49 having a bore whose diameter is 
stepped down in one direction to accommodate the 
stepped-diameter or differential piston 12. In other 
words, housing 49 contains two contiguous piston 
chambers of different diameter, a chamber 23 of large 
diameter and a chamber 24 of smaller diameter. The end 
of tubular housing 49 and adjacent to small diameter 
piston chamber 23 is covered by a disk 30, the other end 
by an end piece cover or member 36. The latter element 
is shown as a single piece; in practice, however, one will 
use several superposed disks for purposes of manufac 
turing more easily the several ducts, channels and 
chambers in the element or member 36. It should be 
noted further that the several ducts as illustrated are not 
necessarily located in one plane but are azimuthally 
offset or provided with suitable bypasses whenever 
intersection is not permitted. 
The piston 12 assembly or differential piston means is 

comprised of a small diameter piston 26 being integral 
with control member 13, the latter is normally seated on 
a stop 28, particularly for de-energized primary user. 
The stop 28 is adjustable by means of an adjusting screw 
29 in cover 30, Piston 26 moves in the smaller piston 
chamber 24. 

Differential piston assembly 12 includes further a 
large diameter piston 25 moving in the large piston 
chamber 23 and being connected to piston 26 by means 
of a compression spring means 27. The spring means 27 
are comprised of two concentric helical springs and 
urge the piston 25 against a stop 37 being adjusted by a 
screw 38. In other words, with no (or insufficient) hy 
draulic pressure acting on either piston, they are both 
urged against the respective stops. 
Arrow 31 denotes symbolically the application of 

pressure fluid through the pressure line or conduit 6 to 
the controller 9, while arrow 32 denotes the fluid dis 
charge from the pressure controller into duct or conduit 
6.a. Duct, conduit or line 6 is connected to an annular 
entrance chamber 33 circumscribing the smaller piston 
chamber 24. Conduit 6a is connected to an annular 
discharge chamber 35 also circumscribing chamber 24 
and being axially offset from chamber 33. It can readily 
be seen that piston 26 blocks any fluid communication 
between conduits 6 and 6a when in the illustrated posi 
tion, i.e. when throttle member 13 rests against stop 
plate 28. 
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4. 
Turning now to the upper part of FIG. 2 and more 

particularly to member or element 36, the two feedback 
ducts or conduits 10a and 10b are connected thereto in 
radially opposing locations and both communicate with 
a duct 41, containing a flying piston 42. Duct 41 is pro 
vided with two stops 43 and 44 to limit the range of 
movement of the piston. . . . . 
Duct 17 branches off duct 41 halfway between the 

two stops 43, 44. As shown, whenever piston 42 abuts 
stop 43 the right hand end of the piston clears the en 
trance to duct 17. Analogously, whenever piston 42 
abuts stop 44, the left hand end of the piston also clears 
duct 17. Thus, piston 42 selectively connects feedback 
conduit 10a or 10b to conduit or duct 17, while closing 
the respective other one. 

Conduit 17 leads to the throttle 14 whose effective 
aperture is adjustable by means of an adjustment spindle 
39 for purposes of adjusting the pressure drop in and 
flow rate through the throttle: 14. A cover screw 40 
protects spindle 14 and must be removed to adjust the 
spindle. :- ; : 

A duct 18 branches off duct 41 opposite the junction 
of the latter with duct 17 and runs to a chamber 46 
which is normally closed by a screw-47. The discharge 
channel or chamber 46 contains a flying piston 45 being 
the pressure responsive member of the check valve 15. 
The piston 45 is shown in FIG. 2 in one terminal posi 
tion in which it blocks and closes the return path con 
duit 20 and more particularly it closes the connection 
between that return conduit 20 and discharge channel 
19 leading also to the large piston chamber 23. This 
closing position of the check valve would be maintained 
if pressure were applied to the piston 45 through the 
duct 10b in this instance. Since, as will be shown below, 
the pressure in bore 41 is larger during an energization 
phase than in the piston chamber 23, the check valve 
positively closes the path between conduits 19 and 20. 
Upon de-pressurization of bore 41 due to a change in 
position of valve 8, the valve 15 opens under the now 
prevailing pressure from chamber 23. 
The device as described operates as follows. It shall 

be assumed that the pump 1 operates and provides pres 
sure fluid to conduits 4, 5 and 6 and particularly the 
latter line applies that fluid through the throttling slots 
48 of member 13 to the small piston 26 shifting the latter 
from the position shown in FIG.3, and against the force 
of springs 27. Large piston 25 remains in abutment with 
stop 37 as adjusted. The operating pressure in that part 
of the system is relatively low. 
The slots 48 are sufficiently long so that a fluid path 

is opened into annular chamber 35 and from there to 
duct 6a. Thus, a communication path is established 
between ducts 6 and 6a. Moreover, the slots 48 are 
sufficiently wide to permit substantially unrestricted 
passage of fluid from conduit 6 to conduit 6a, corre 
sponding to the pressure of the fluid, as that pressure 
keeps the passage open. Adjustment of stop 37 permits 
adjustment between the fluid pressure and piston dis 
placement. . . . 
As far as the primary users is concerned, it is assumed 

that valve 8 has the position shown in FIG. 1, so that 
pressure is not applied; to either branch conduits 10a. 
This means that the position of piston 42 is actually 
undefined. This is not detrimental as in either situation 
piston 25 is not being acted upon hydraulically. It is 
likewise immaterial at this point whether valve piston 
45 actually disconnects the piston chamber 23 from the 
discharge and return path conduit-20. Adequate, mini 
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mal friction may ensure that movable parts retain their 
position as per hydraulic de-energization. 

It may now be assumed that valve 8 changes position 
and connects one of the primary users, e.g. clutch or 
brake 11b to pressure line 5. Accordingly, line 10b is 
pressurized (arrow 50 in FIG. 4). Since the pump is 
presumed to operate at approximately a constant volu 
metric flow rate, the amount of fluid now flowing into 
the duct or conduit 5b is not very large and the effective 
pressure is not larger either. Thus, the pressure in line 
10b is not the full fluid pressure for the primary user. 
This particular pressure is applied to piston 42 to hold 
the piston in the assumed position or to shift it into the 
position as shown in FIG. 4 should the initial conditions 
have been different; in either case, the pressure in line 
10b is transmitted to duct 18 to thereby hold check 
valve 15 (piston 45) in the position of closing conduit 
and duct 20. 

Pressure is also applied to conduit and duct 17 and 
reduced by throttle 14 to slow the flow of pressure fluid 
into the piston chamber 23. The pressure build-up in 
that chamber is delayed accordingly so that the piston 
25 is delayedly and gradually shifted away from stop 37. 
The chamber between pistons 25 and 26 is vented into 
return path 20 via duct 22. As soon as the resulting force 
prevails over the pressure acting on the small piston 26, 
the latter tends to move back towards stop plate 28 and 
the slots 48 gradually throttle the flow between the 
ducts 6 and 6a. Consequently, the pressure increases in 
chamber 33 and in conduit 6 with feedback acting as 
pressure increase in lines 10b and 5b. This, in turn, in 
creases the hydraulic force on piston 25 so that piston 26 
is pushed further by positive feedback. 

Piston 25 stops when abutting stop 51 (FIG. 5). Piston 
26 assumes a position which depends on the balance of 
forces, but should be adjusted so that a minimal flow 
passage still exists through slots 48. Thus, pressure fluid 
will still reach the user 7. On the other hand, the pres 
sure as now applied to the primary user 11b is higher 
than before, because the constant volume pump has to 
work against a throttle passage from 6 to 6a. 

It can further be seen that on account of the constant 
(or at least approximately consistent) volumetric feeder 
rate of the pump, secondary user 7 received a relatively 
large quantity of fluid at a lower pressure whenever the 
primary users were disconnected and de-energized. 
Presently, a primary user is energized and member 13 
provides for a throttling of flow to thereby reduce the 
pressure as applied by the pump, but the pump itself 
now furnishes the fluid at a higher pressure, being effec 
tive on the primary user. 

If valve 8 is shifted back to the off position, user 11b 
and conduit 10b are load relieved so that piston 25 re 
turns and piston 26 follows to open a larger passage 
from 6 to 6a (FIG. 3). The de-energization is not de 
layed because pressure in line 10b collapses as soon as 
the conduit 5b is connected to the discharge conduit 21. 
As soon as piston 25 begins to return, it pushes fluid 
from chamber 23 into duct 19 and shifts the check valve 
piston 45 so that now fluid can flow into the discharge 
duct 20, by-passing the delay producing throttle 14. 
Thus, fluid in conduits 10b, 5b is not replenished from 
the chamber 23. The check valve returns to closing 
position when the oil has been shifted out and the pres 
sure on piston 45 has equalized via the throttle 14. 

It can readily be seen that the operation is similar 
upon placing valve 8 into the lower position, connect 
ing under 11a and conduit 10a to the pressure line 5. 
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6 
Pressure in line 10a will shift piston 42 into the alterna 
tive position so that ducts 17 and 18 become connected 
to line and conduit 10a. The operation and action of 
pistons 25 and 26 are the same as before, i.e. their opera 
tion is invariant to the user selection. 

It can also be seen, that the pressure build-up in the 
primary user is not produced by gradual throttling a 
bleeder path. Conduits 10a, 10b do not have that func 
tion. Rather, the pressure is built-up in the primary user 
by graduating throttling (but not interrupting) the flow 
of fluid to the secondary user (7) through positive feed 
back whose effect is delayed by the throttle 14. 
The invention is not limited to the embodiments de 

scribed above but all changes and modifications thereof 
not constituting departures from the spirit and scope of 
the invention are intended to be included. 
We claim: . . . . . 

1. Hydraulic device for delayed pressurization of 
primary user of hydraulic fluid such as a clutch or brake 
while maintaining a reduced flow of fluid to an indepen 
dently operating secondary user, comprising: . . . 

a pump for the fluid operating at an essentially con 
stant flow rate by volume; 

first conduit means connected to the pump to receive 
therefrom pressurized fluid; 

second and third conduit means branching off the 
first conduit means, the primary user being con 
nected to the second conduit means, the secondary 
user being connected to the third conduit means; 

a control valve connected in the second conduit 
means for on-off control of hydraulic energization 
of the primary user; 

a pressure controller including a differential piston in 
a corresponding piston chamber and being con 
nected in the third conduit means, wherein a first 
piston of the differential piston operates under pres 
sure as applied from the first conduit means to open 
a pressure dependent fluid passage to the second 
ary user through the piston chamber; 

fourth conduit means branching off the second con 
duit means between the control valve and the pri 
mary user and including a flow retaining throttle 
valve connected to a second portion of the differ 
ential piston to operate the differential piston in 
dependence upon the flow conditions of the throt 
tle valve; and 

a check valve connected to the piston chamber and to 
a second piston, by-passing the throttle for rapid 
action venting of the piston chamber portion in 
which the second piston moves. 

2. Device as in claim 1, said first piston being of 
smaller diameter than the second piston, the pistons 
being interconnected by spring means, there being stop 
means in the piston chamber against which the spring 
means urges both said pistons. 

3. Device as in claim 1, there being two primary 
users, the second conduit means leading separately to 
the primary users from the control valve, the fourth 
conduit means having separate branches; 

flying piston type valve means in the separate 
branches for connecting one or the other of the 
separate branches to the throttle valve. 

4. Device as in claim 3, the controller including a 
housing having a bore containing said flying piston, the 
bore having said separate branches connected to oppo 
site ends, the throttle being connected to a central por 
tion of said bore and in between stops for the flying 
piston against which flying pistons abuts when causing 
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the throttle to be connected to one or the other of the 
separate branches. 

5. Hydraulic device as in claim 1, said first piston 
moving in a chamber portion having two axially spaced 
annular chambers, and including a throttle member for 
controlling the passage of fluid between the annular 
chambers, one of the chambers being included in a por 
tion of the third conduit means, the other of the annular 
chambers being connected to the secondary user. 

6. Hydraulic device as in claim 1, the pressure con 
troller including a tubular body defining the piston 
chamber, first axial end plate means including stop 
means for a throttle member being integral with the first 
piston portion; and second axial end means which in 
cludes stop means for the second piston portion and 
contains said throttle valve and said check valve. 

7. Apparatus for controlling the gradual build-up of 
pressure in a hydraulic device such as a brake or a 
clutch, comprising: 

a constant volumetric flow rate pump for hydraulic 
fluid; 
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8 
a hydraulic circuit including a first conduit connected 

to the pump for receiving fluid therefrom; further, 
including a hydraulic valve connected to the first 
conduit, and a second conduit connecting the valve 
to the device; 

conduit means branching off the first conduit; 
a differential piston-operated throttle member in the 

conduit means, the throttle member being operated 
for opening by means of hydraulic pressure in the 
conduit means; 

a feedback conduit connected to the second conduit 
to receive therefrom any pressurized hydraulic 
fluid when and if applied via the valve to the de 
vice; and 

a hydraulic throttle valve serially connected to the 
feedback means and applying feedback pressure 
fluid to the differential piston to operate the piston 
in opposition to the pressure in the conduit means 
towards decreasing the passage of fluid through 
the conduit means, thereby increasing the pressure 
of the fluid as applied to the device by the second 
conduit. 

sk s : 


